Abstract. The aim of the present study was to investigate the clinicopathological features and prognostic factors associated with pre-and postoperative serum albumin levels in patients with curatively resected pancreatic ductal adenocarcinoma (PDAC). To achieve this, the data of patients who underwent pancreatectomy for PDAC between January 1995 and March 2016 were retrospectively reviewed, and the pre-and postoperative serum albumin levels at postoperative months (POMs) 3, 6, and 12 were evaluated. The serum albumin recovery rate was also investigated. A total of 196 patients were enrolled in the present study. In the multivariate Cox regression analysis, lymph node metastasis [hazard ratio (HR): 1.65; P=0.022], serum albumin level at POM 12 (≥3.9 g/dl; HR: 0.60; P=0.017), and serum albumin recovery rate at POM 12 (≥1.00; HR: 0.60; P=0.017) were independent prognostic factors for disease-free survival. Lymph node metastasis (HR: 1.79; P=0.013) and serum albumin level at POM 12 (≥3.9 g/dl) (HR: 0.60; P=0.033) were independent prognostic factors for overall survival. These results indicated that the postoperative level and recovery rate of serum albumin are potential biomarkers for predicting the prognosis of patients with curatively resected PDAC. However, further studies are required in order to investigate the survival benefit of increasing postoperative serum albumin levels in these patients.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) represents one of the most lethal and aggressive forms of cancer. The 5 year survival rate of patients after surgical resection for PDAC remains poor. In Japan, the 5 year survival rate is 18.8% (1) . In the United States and Europe, it is 20.0% (2) . However, the survival rate of patients with PDAC has increased due to advancements in multimodal therapies (3, 4) .
Serum albumin is the most abundant blood plasma protein in humans and is produced by the liver (5) . Low serum albumin levels may be caused by liver disease (5), systematic inflammation (6), the disease state (7), malnutrition (8) , and sarcopenia (9) . Several studies have identified clinicopathological prognostic factors associated with serum albumin levels in patients with PDAC, including the C-reactive protein (CRP)-to-albumin ratio (10) , prognostic nutritional index (PNI) (11) , and modified Glasgow Prognostic Score (mGPS) (12) . However, no studies have reported that postoperative serum albumin levels predict survival in patients with PDAC.
Recently, important technological advances have facilitated the identification of biomarkers for PDAC. For example, DNA from tumor tissue and serum from PDAC patients have potential clinical utility as biomarkers for monitoring treatment response and predicting survival (13) . We previously reported the pre-and postoperative clinicopathological characteristics of patients with PDAC who survived for >5 years after curative resection (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (14) . We also reported that preoperative serum albumin levels may be a predictive biomarker for achieving 5 year survival in patients with curatively resected PDAC. Thus, in the present study, we investigated prognostic factors associated with serum albumin, hypothesizing that the postoperative level and/or recovery rate of serum albumin is associated with survival after pancreatectomy.
Materials and methods
Patients. Data of patients who underwent intended curative pancreatectomy for PDAC at our institution between January 1995 and March 2016 were retrospectively reviewed. All patients had histologically confirmed PDAC. Patients were excluded if they had liver cirrhosis, R2 resection, or died within 12 months of pancreatectomy. We conducted a retrospective observational study using the 'opt-out' method of our hospital. The study was approved by the Ethics Committee of Keio University School of Medicine. (17, 18) .
Pre-and postoperative serum albumin. Preoperative serum albumin levels were measured before pancreatectomy. Postoperative serum albumin levels were evaluated at postoperative months (POMs) 3, 6, and 12. The postoperative serum albumin recovery rate was defined as the serum albumin level at POMs 3, 6, or 12 (g/dl) divided by the preoperative serum albumin level (g/dl).
Follow-up. Patients were followed-up at POMs 1, 3, 6, and 12 Patients were also subject to semiannual reviews. Clinical examinations, laboratory investigations, and abdominal computed tomography scans (to detect tumor recurrence) were performed. Patients were follow-up until death or March 2017.
Statistical analyses. Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. Disease-free survival (DFS) was defined as the time interval between the date of surgery and the date of recurrence or last follow-up. Overall survival (OS) was defined as the time interval between the date of surgery and the date of death or last follow-up. Categorical variables were compared using the chi-square or Fisher's exact test. Cox proportional hazards regression models were used to determine independent prognostic factors between January 1995 and March 2016. The optimum cutoff value for postoperative serum albumin levels at POMs 3, 6, and 12 was 3.9 g/dl, according to our previous report (14) . In the present study, the optimum cutoff values for albumin on POM 3, POM 6 and POM 12 were also calculated beforehand and the results were 3.6, 3.7, 3.7 g/dl respectively (Table SI) . The results were quite similar between using unified cutoff value (3.9 g/dl) and optimum cutoff values, therefore the unified cutoff value of 3.9 g/dl was used. The association between early recurrence (within 1 year) and the postoperative administration of adjuvant chemotherapy was analyzed using Spearman's rank correlation coefficient. All statistical analyses were conducted using Statistical Package for the Social Sciences for Macintosh (software v.23.0; IBM Corp., Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Patient characteristics and surgical procedures.
In total, 247 patients underwent curative pancreatectomy at our hospital between January 1995 and March 2016. Fifty-one patients died within 12 months of surgery. Therefore, 196 patients were enrolled. The patient characteristics are summarized in Table I . Among the 51 patients who died within 12 months of surgery, 39 (76.5%) of deaths were due to recurrence of PDAC, 8 (15.7%) were due to other diseases, and 4 (7.8%) were from unknown causes. Recurrent lesions in 39 patients were associated with peritoneal dissemination, liver metastasis, and local recurrence. There were no specific factors associated with poor survival, but in patients that died within 12 months of surgery because of PDAC, peritoneal dissemination and liver metastasis were the main lesions of recurrence.
Postoperative albumin levels, albumin recovery rate, and survival. Kaplan-Meier survival curves of all patients are shown in Fig. 1A and B. Patients with postoperative serum albumin levels of ≥3.9 g/dl at POMs 3 and 6 did not exhibit a significantly longer DFS or OS. However, patients with postoperative serum albumin levels of ≥3.9 g/dl at POM 12 did exhibit a significantly longer DFS and OS (both P<0.001; Fig. 2A and B). Patients with a postoperative serum albumin recovery rate of ≥1.00 at POM 3 had a significantly longer DFS (P=0.047). Patients with a postoperative serum albumin recovery rate of ≥1.00 at POM 12 had a significantly longer DFS and OS (P<0.001 and P=0.001, respectively; Fig. 3A and B) . The results of the univariate and multivariate analyses of DFS and OS are shown in Table II . In the univariate analysis, the CRP-to-albumin ratio, PNI, and mGPS were not significant prognostic factors for DFS or OS. The postoperative albumin level and albumin recovery rate at POMs 3 and 6 were also not significant prognostic factors for DFS or OS. However, the postoperative albumin level and albumin recovery rate at POM 12 were significant prognostic factors for DFS. Lymph node involvement, venous involvement, and LNM were also significant prognostic factors for DFS. Neural involvement and LNM were significant prognostic factors for OS. Multivariate analysis confirmed venous involvement (HR: 0.75; P= 0.030), LNM (HR: 1.65; P=0.022), serum albumin level at POM 12 (≥3.9 g/dl) (HR: 0.60; P=0.017), and serum albumin recovery rate at POM 12 (≥1.00) (HR: 0.60; P=0.017) to be independent prognostic factors for DFS. LNM (HR: 1.79; P= 0.013) and serum albumin level at POM 12 (≥3.9 g/dl) (HR: 0.60; P=0.033) were independent prognostic factors for OS (Table II) .
Adjuvant chemotherapy and early recurrence. Patients with a serum albumin level of <3.9 g/dl at POMs 6 and 12 did not receive postoperative adjuvant chemotherapy compared to those with a serum albumin level of ≥3.9 g/dl at POMs 6 and 12 (P=0.038 and P=0.009, respectively). These patients also exhibited significantly early recurrence (within 1 year) (P=0.029 and P=0.001, respectively).
Discussion
We investigated the prognostic significance of pre-and postoperative serum albumin levels and the serum albumin recovery rate for predicting survival after pancreatectomy in patients with PDAC. Our results showed that serum albumin levels at POM 12 were an independent prognostic factor for both DFS and OS, and that the serum albumin recovery rate at POM 12 was an independent prognostic factor for DFS.
Compared with other prognostic factors or scores (e.g., the CRP-to-albumin ratio, PNI, and mGPS), serum albumin levels may be straightforward because they do not require any parameters. Furthermore, patients with a postoperative serum albumin level of ≥3.9 g/dl at POM 12 or a postoperative serum albumin recovery rate of ≥1.00 at POM 12 exhibited a significantly longer survival.
Albumin is a constitutive hepatic protein that accounts for 50.0% of serum proteins produced by the liver and is regulated by various factors (5). Low serum albumin levels are associated with advanced PDAC (7), malnutrition (8) , and sarcopenia (9) . Obstructive cholangitis or pancreatitis is usually improved after surgery. Thus, in contrast to preoperative serum albumin levels, low postoperative serum albumin levels may be associated with cancer recurrence or inflammation, especially postoperative serum albumin levels at POM 12. Serum albumin levels have been associated with survival in oncologic patients in locally or metastatic types of cancer, and a low serum albumin may be due to a sustained systemic inflammatory response from an aggressive metabolically active tumor (5). Preoperative and postoperative ongoing inflammation leads to the production of acute phase proteins, and if this process is prolonged or aggressive, such as in advanced PDAC, it can lead to significant depletion of protein reserves and a decrease in the body strength (6) . A postoperative lower serum albumin or insufficient albumin recovery may represent the metabolic changes in pancreatic cancer after surgery, and just against pancreatic cancer which is one of the most lethal and aggressive forms of cancer, serum albumin may be a potential biomarker for predicting earlier recurrence as well as tumor markers (19, 20) . Matsuda et al (21) , reported that insufficient albumin recovery at POM 3 correlated with a poor prognosis in patients with esophageal cancer who had undergone transthoracic esophagectomy. In our study of patients with PDAC, the serum albumin recovery rate at POM 3 was predictive of DFS. Moreover, patients with a postoperative serum albumin recovery rate of ≥1.00 at POM 3 had a longer DFS. Insufficient albumin recovery correlates with a poor prognosis in patients with various types of cancer.
A number of overlapping factors may result in postoperative hypoalbuminemia. It is unclear whether improving preoperative serum albumin levels leads to a favorable prognosis. However, considering these factors, we should endeavor to intervene after surgery. Early nutritional support contributes to patient survival (22) (23) (24) . In the review article reported by Gilliland et al (25) , they recommended that pancreatic cancer patients with moderately decreased albumin levels (<3.0 mg/dl) or weight loss >5% should still receive some form of nutritional supplementation prior to surgery, or feeding jejunostomy tubes intraoperatively to avoid undesirable patient outcomes associated with an insufficient nutritional intervention. Shu et al (26) , suggested in their meta-analysis that postoperative early enteral nutrition (EEN) for patients with digestive tract surgery improves the nutritional status, promotes the functional recovery of the digestive system and reduces the risk of postoperative complications; they also reported a significant higher level of postoperative serum albumin in patients with ENN than those without EEN. It may be more effective to insert an enteral tube after surgery as early nutritional support for patients with poor nutritional status or with lower albumin level before surgery. However, it is unclear whether postoperative EEN influences long-term prognosis of PDAC, such as DFS or OS; thus, further studies are needed.
Okada et al (27) , reported that a good nutritional status during chemotherapy is closely associated with the occurrence of adverse events and chemotherapy response to FOLFOX/FIRI therapy in patients with colorectal cancer. It prolonged DFS and OS in response to FOLFOX/FIRI ---------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------- - Table II . Continued.
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Pos. In this study, patients with a serum albumin level of <3.9 g/dl at POMs 6 and 12 did not receive postoperative adjuvant chemotherapy compared to those with a serum albumin level of ≥3.9 g/dl at POMs 6 and 12. These patients also exhibited significantly early recurrence (within 1 year). Maintaining a good nutritional status during adjuvant chemotherapy may contribute to a higher response to cancer. Nutritional support is an important intervention for patients who are poorly nourished (e.g, with highly advanced cancer, such as PDAC). According to JASPAC-01 (3), which is one of the randomized controlled trials of adjuvant chemoradiotherapy, we have typically administrated S-1 as adjuvant chemotherapy, which is repeated every 6 weeks for up to four cycles since 2014, and before 2014, we have mainly administrated gemcitabine as an adjuvant chemotherapy. We have guessed that the patients with lower serum albumin levels or insufficient albumin recovery at POM 12 tend to have lower serum albumin levels or insufficient albumin recovery at POM 6. Therefore, at POM 6, when adjuvant chemotherapy is finished, if the patients have a lower serum albumin level, insufficient albumin recovery, or high level of tumor markers associated with PDAC, such as CA19-9, we should consider a continuation of S-1 as adjuvant chemotherapy or a different administration, such as mFOLFILINOX, which has recently been reported by Conroy et al (28) , in a recent randomized control trial of the adjuvant chemotherapy, 'PRODIGE24/CCTGPA'.
Reduced serum albumin levels after surgical trauma are also associated with systemic inflammation (29) . Reduced postoperative serum albumin levels are a marker of the stress response (30) . Therefore, reducing postoperative surgical stress may result in the optimal early recovery of postoperative serum albumin levels. Anti-inflammatory drugs may be effective for inhibiting inflammatory mediators. Methylprednisolone treatment is associated with reduced interleukin-6 and interleukin-8 inflammatory cytokine levels during esophagectomy for esophageal carcinoma (31) . Moreover, Takata et al (32) reported that postoperative ghrelin administration was effective for improving the postoperative clinical course of patients with esophageal cancer. However, there have been no reports of the benefits of anti-inflammatory drug use during pancreatectomy. Therefore, further research is needed.
This study has several limitations. First, this was a retrospective study conducted at a single institution with a relatively small number of patients. The prognostic significance of postoperative serum albumin levels has not been verified in a validation cohort. Second, the timing of serum albumin measurements had not been established because this study was retrospective. In our institution, patients were generally followed-up 1, 3, 6, and 12 months after surgery. Therefore, the timing of postoperative serum albumin measurements was almost the same, although there were patients who did not have blood tests at POMs 3, 6, and 12. Although some hematological data were missing, the numbers were small and assumed to be random. Therefore, even if the patients with missing data were excluded, the outcomes of this study would not change. However, further prospective studies are needed to confirm these preliminary findings. Table II . Continued. --------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------- DFS, disease-free survival; DP, distal pancreatectomy; F, female; HR, hazard ratio; LNM, lymph node metastasis; M, male; mGPS, modified Glasgow Prognostic Score; N, no; NACRT, neoadjuvant chemoradiotherapy; Neg., negative; OS, overall survival; PD, pancreatoduodenectomy; PNI, prognostic nutritional index; POM, postoperative month; Pos., positive; PVI, portal vein infusion; Ref., reference; TP, total pancreatectomy; Y, yes.
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In conclusion, the postoperative level and recovery rate of serum albumin are potential biomarkers for predicting the prognosis of patients with PDAC who have undergone curative resection. Further studies are needed to investigate the survival benefit of increasing postoperative serum albumin levels in these patients.
